This study analyzes the relationship between pacing mode and long-term survival in a large group of very elderly patients (Ն80 years old).
general well-being (9) . However, the effect of pacing mode on long-term survival, especially in the very elderly, is not clear. The impact of pacing mode in octogenarians and nonagenarians is more difficult to establish because of the high prevalence of coexisting illnesses, the nonspecific nature of symptoms, shorter life expectancy and limited availability of long-term follow-up data. Most of the survival studies in this age group are short-term, retrospective analyses of small numbers of patients with incomplete follow-up. Moreover, multivariate analytic techniques have not been used to adjust for baseline differences between patient groups with different pacing modalities. Hence, the impact of pacing mode on overall survival in the very elderly remains uncertain.
In the present study, the differential impact of pacing mode (ventricular vs. dual chamber) on long-term survival in a large group of octogenarians and nonagenarians was examined. Multivariate analysis was used to adjust for baseline characteristics. Factors predictive of long-term survival and those influencing the selection of the pacing mode were also assessed.
METHODS
Study population. The study population consisted of all patients 80 years and older who received their initial PM at the Mayo Clinic between January 1980 and December 1992. These patients were categorized according to the presence of sinus node dysfunction (SND) or high grade atrioventricular block (AVB) ( Table 1) . Sinus node dysfunction was defined by the presence of inappropriate persistent sinus bradycardia (Ͻ50 beats/min), sinus pauses longer than 3 s or sinoatrial block. High grade AVB was defined by the presence of complete AVB or type II second-degree AVB. Patients in chronic atrial fibrillation were excluded from pacing mode comparison. The pacing mode was selected in a nonrandomized fashion on the basis of the pacing physician's appraisal of a patient's need.
Data collection and follow-up. Data were obtained retrospectively from a centralized system of records of PMs implanted and followed up at the Mayo Medical Center. Each patient was followed up after PM implantation up to December 31, 1993, or the time of death before January 1, 1994. Follow-up information was obtained by review of the medical records or by telephone interview of patients and their families. Causes of death were grouped as "cardiovascular-related" (sudden death, refractory ventricular arrhythmia, heart failure, myocardial infarction, peripheral embolism), "cerebrovascular disease" (stroke), "noncardiovascular" (any other documented cause) or "unknown."
Statistical analysis.
Multivariate and univariate models to predict pacing mode were completed using logistic regression models. Survival after permanent pacemaker implantation was estimated with the Kaplan-Meier method. Expected survival was completed separately for each subgroup of patients with AVB or SND based on life tables for death from all causes from the Minnesota population for people of like age, gender and calender year of birth. Within-group comparisons of observed to expected survival were completed using the one-sample log-rank test. Two-group survival curve comparisons were based on the two-sample log-rank test. Univariate and multivariate associations of baseline variables with survival were assessed using the log-rank test and the Cox regression model (15) . Multivariate models are summarized in the form of point estimates and 95% confidence intervals on the multivariate hazard ratios. Baseline variables considered as potential prognostic factors are listed in Table 2 .
RESULTS

Patient demographics and pacemaker selection.
A total of 584 patients 80 years and older received a permanent PM at the Mayo Clinic between January 1980 and December 1992. All patients with chronic atrial fibrillation or carotid
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ϭ atrioventricular AVB ϭ atrioventricular block CI ϭ confidence interval NYHA ϭ New York Heart Association PM ϭ pacemaker SND ϭ sinus node dysfunction sinus hypersensitivity (n ϭ 152) were excluded from pacing mode comparison, leaving 432 patients for analysis (51% men and 49% women) ( Table 1 , Fig. 1 ). The mean age of the study group was 84.5 Ϯ 3.9 years (range, 80 to 99 years). There were 276 patients (64%) with high grade AVB, 141 (33%) with SND and 15 (3%) with other indications, including syncope of undetermined cause (Table 1 ). In patients with high grade AVB, the pacing mode was ventricular in 196 (71%) and dual chamber in 80 (29%). In patients with SND, the pacing mode was ventricular in 101 (72%) and dual chamber in 40 (28%). The proportion of dual-chamber PMs implanted increased each year, from 5% in 1980 to 33% in 1985 to 39% in 1992. The baseline characteristics of patients who received single-chamber or dual-chamber pacing devices are summarized in Table 2 . The patients were followed for a mean of 3.5 (Ϯ2.6) years. For those who survived, mean follow-up was 4.5 (Ϯ2.5) years, with maximum follow-up to 10.9 years. Up-to-date medical records of all 432 patients were reviewed. All surviving patients (n ϭ 194) and physicians or family members of deceased patients (n ϭ 238) were followed by telephone interview.
Overall survival and survival from cardiovascular mortality. Observed overall survival in the very elderly with symptomatic conduction system disease who had ventricular pacing devices was significantly worse than that of patients with dual-chamber pacing devices (p ϭ 0.0003). Overall survival for the entire study group with respect to pacing mode is shown in Figure 2 . Observed survival in the ventricular pacing group at 1, 3 and 5 years was 80%, 57% and 45%, respectively, compared with 92%, 76% and 58% for the dual-chamber pacing group.
Observed survival curves after PM implantation for pa- tients with AVB and those with SND and expected survival curves for their age-and gender-matched control populations are shown in Figure 3 . In patients with AVB, cumulative survival after permanent PM implantation was significantly worse than expected survival in the general population (p Ͻ 0.0001, Fig. 3A ). Observed survival at 1, 3 and 5 years was 83%, 61% and 47%, respectively, compared with 90%, 71% and 54% for the control population. In elderly patients with SND, observed survival after PM implantation was comparable to expected survival for the matched population (p ϭ 0.413, Fig. 3B ). At 1, 3 and 5 years, the observed survival after PM implantation for patients with SND was 83%, 63% and 52%, respectively, compared with 90%, 72% and 55% for the matched population.
The impact of pacing mode on long-term survival of very elderly patients with high grade AVB is shown in Figure 4 . Patients who had single-chamber ventricular pacing had significantly worse survival outcome compared with patients with dual-chamber pacing (p ϭ 0.0001; risk ratio 0.445; 95% confidence interval [CI] 0.293 to 0.674). Observed survival of patients with AVB and dual-chamber pacing at five years was 62%, compared with 41% for those with ventricular pacing. For patients with SND, no significant 
Pacing Mode and Long-Term Survival difference was seen in overall survival between the two pacing modes (risk ratio 0.711; 95% CI 0.418 to 1.210) (Fig. 5) . During follow-up, 238 patients died (48 patients with dual-chamber PMs and 190 with ventricular PMs). The causes of death are summarized in Table 3 . One hundred fifteen patients (48.3%) died of cardiovascular-related causes (22 with dual-chamber PMs and 93 with ventricular PMs), 121 (50.8%) of noncardiovascular causes and 2 (0.8%) of unknown cause. There was no difference in the causes of death between the two pacing groups. Survival from cardiovascular-related mortality was 86%, 73% and 67% at 1, 3 and 5 years, respectively, in the ventricular pacing group and 96%, 89% and 74% in the dual-chamber pacing group. The most common cause of cardiac death in this patient population was congestive heart failure (49% of cardiovascular deaths) (Table 3 ). However, there was no significant difference in terms of mortality due to congestive heart failure between the two pacing groups.
Univariate and independent predictors of overall survival. The univariate predictors of overall and cardiovascular mortality are summarized in Table 4 . To minimize the effect of selection bias, the Cox proportional hazard regression model was used for adjustment of possible baseline differences and to identify independent predictors of poor survival. The independent predictors of overall survival and survival from cardiovascular-related death, with risk ratios and 95% confidence intervals, are summarized in Table 5 . The mode of pacing (ventricular vs. dual chamber) was not an independent predictor of overall survival. The difference in overall survival in patients with AVB initially seen between the two pacing mode groups disappeared after this adjustment. Independent predictors of poor survival at the time of initial PM implantation were the number of comorbid illnesses, New York Heart Association (NYHA) functional class, left ventricular depression and older age.
Predictors of PM selection. Independent predictors associated with PM selection identified by multivariate analysis are summarized in Table 6 . Patients who received a dualchamber PM were younger than those who received a ventricular PM, with a mean age of 83.3 years compared with 85 years in the ventricular PM group (p Ͻ 0.001) (Fig.  1) . There was no significant difference in PM selection between the two genders. The dual-chamber system was selected more frequently for patients who had previous cardiac surgery (p ϭ 0.01) or prosthetic valve (p ϭ 0.003). Patients with diabetes mellitus (p ϭ 0.02) or a history of stroke or transient ischemic attack (p ϭ 0.05) or organic brain syndrome (p ϭ 0.001) or those with comorbid illnesses (p ϭ 0.02) more frequently received singlechamber ventricular devices. There was no significant difference between the two groups ( Table 2 ) with regard to the underlying cardiac disease.
DISCUSSION
The results of the present study indicate that overall survival of very elderly patients with high grade AVB was worse than the expected survival of an age-and gender-matched population. However, observed survival after PM implantation in patients with SND was comparable to the expected survival of the matched population. In elderly patients with SND, no significant difference in overall, cardiovascular or noncardiovascular mortality was observed in patients receiving a ventricular or a dual-chamber PM. In patients with high grade AVB, ventricular pacing was associated with an increased risk of overall and cardiovascular mortality by univariate analysis. However, after adjustment of the baseline differences with multivariate analysis, the mode of pacing was no longer an independent predictor of overall mortality. Age at implantation, left ventricular depression, NYHA functional class and number of comorbid illnesses were independent predictors of poor overall survival. Long-term survival in patients with sinus node dysfunction. Several studies in patients with SND treated with single-chamber fixed-rate ventricular pacing have demonstrated an apparent increase in complications compared with those treated with atrial or dual-chamber pacing (13, 14, 16) . These complications include PM syndrome, lack of AV synchrony and physiologic heart rate response to exercise, development of atrial fibrillation and systemic embolization (6, 10, 11) . Physiologic pacing (atrial or dual chamber) has been shown to improve hemodynamics and exercise tolerance (9) in the short term and has been suggested to reduce morbidity by decreasing the occurrence of atrial fibrillation (6, 11) , heart failure (12, 14) and thromboembolic phenomena (6,7,16 -19) . Critical review of the Table 4 .
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Pacing Mode and Long-Term Survival literature of SND indicates that the clinical and survival benefit of physiologic pacing over ventricular pacing is apparently inconclusive (18 -21) . The conclusions of most of the studies that suggest a deleterious effect from ventricular pacing should be interpreted in light of their limitations; most were nonrandomized, retrospective studies limited by the inability to control for important baseline clinical differences between patients with different pacing modes (6, 11, 22) . In most of the studies, the rationale for selecting different pacing modes was not documented, and differences in cardiovascular and noncardiovascular comorbid conditions were not considered. The increased morbidity and mortality in patients with ventricular pacing may well be related to the underlying cardiovascular disease, coexisting noncardiac condition and age rather than the pacing system selected and, thus, may reflect selection bias. Furthermore, the study follow-up periods for different pacing modes were either incomplete or different and, therefore, difficult to compare. Recent studies in younger patients with SND have used multivariate techniques to control for baseline differences and have demonstrated no significant worsening effect of ventricular pacing on heart failure (20) or on overall or cardiovascular mortality (10, 19, 21) . Our results confirm and extend these findings to octogenarians and nonagenarians, namely, that ventricular pacing does not appear to have a negative impact on overall survival or survival from cardiovascular mortality in patients with SND.
Long-term survival in patients with AV block. The oneand five-year cumulative survival rates of 83% and 47%, respectively, observed in our study of patients with AVB, are worse than the expected survival of 90% and 54%, respectively, of an age-and gender-matched Minnesota population. The observed survival rates in our group with AVB are comparable to those reported by Strauss and Berman (3) in the Canadian population and by Elizabeth and Green (23) in the British population. These survival rates are better than that reported by Breivik and Ohm (4) in the Norwegian population. The explanation for the different outcomes is not known, but it most likely reflects different indications for pacing, patient selection criteria, presence and severity of underlying heart disease and dates of the studies. The causes of mortality in patients with AVB in our study were multifactorial, with a significant number dying of noncardiovascular causes.
In a recent retrospective analysis of a random sample of 36,312 Medicare beneficiaries 65 years and older, dualchamber pacing was an independent predictor of survival at one and two years after PM implantation (24) . In other studies of patients without congestive heart failure, however, the survival rate was not significantly different for patients with ventricular pacing and those with dual-chamber pacing (25, 26) . With preexisting heart failure, patients with dualchamber pacing appear to have a better survival outcome compared with those with ventricular pacing (26) . In the present study of patients 80 years and older, the relative survival after PM implantation for AVB appears to be poor regardless of the presence of heart disease. Observed survival was significantly worse than expected, both for patients with and for those without associated underlying heart disease. This is consistent with the observation that the causes of mortality in the very elderly are likely multifactorial, as reflected in the significant number of deaths due to noncardiac causes (ϳ51% of all deaths) and will not be significantly affected by PM (Table 3 ).
Pacemaker selection. Advancing age in our very elderly population was associated with decreased use of dualchamber pacing. This is consistent with findings by others (24, 27) and reflects the existing practice that emphasizes the use of more expensive and complicated devices and interventions in active, younger patients. Despite demonstrable hemodynamic advantages and suggested clinical benefits of dual-chamber pacing, ventricular pacing is still the most frequently used pacing modality (1), especially in the very elderly. This discrepancy between the suggested potential benefits and the pacing practice suggests that physicians implanting PMs are often less aggressive in the very elderly and choose simpler, less expensive devices, perhaps because of the lack of data specifically addressing the elderly or because of the attitude that more complex, expensive, sophisticated interventions are of "limited use" in this group (28) . Factors other than the chronologic age, such as functional ability, activity level, coexisting illnesses and life expectancy, are important in selecting a pacing mode.
Clinical implications. In our study, dual-chamber pacing mode in the very elderly population was not an independent predictor of overall survival or survival from cardiovascular mortality. The apparent differences in overall survival seen with pacing mode in patients with AVB reflected a selection bias of choosing ventricular pacing for sicker patients. In this study, we did not analyze the effect of PM mode on the incidence of atrial fibrillation, thromboembolism, congestive heart failure or quality of life.
With the current cost-containment environment, increase in the aging population and the competition for shrinking resources, long-term clinical outcomes provide needed information in guiding therapeutic recommendations. Despite lack of data (at this time) convincingly 
